Objective Work-related musculoskeletal disorders (MSDs) are the leading cause of work disability in the developed economies. The objective of this study was to describe trends in the incidence of MSDs attributed to work exposures in Ontario over the period [2004][2005][2006][2007][2008][2009][2010][2011]. Methods An observational study of work-related morbidity obtained from three independent sources for a complete population of approximately six million occupationally active adults aged 15-64 in the largest Canadian province. We implemented a conceptually concordant case definition for work-related non-traumatic MSDs in three population-based data sources: emergency department encounter records, lost-time workers' compensation claims and representative samples of Ontario workers participating in consecutive waves of a national health interview survey. Results Over the 8-year observation period, the annual per cent change (APC) in the incidence of work-related MSDs was −3.4% (95% CI −4.9% to −1.9%) in emergency departments' administrative records, −7.2% (−8.5% to −5.8%) in lost-time workers' compensation claims and −5.3% (−7.2% to −3.5%) among participants in the national health interview survey. Corresponding APC measures for all other work-related conditions were −5.4% (−6.6% to −4.2%), −6.0% (−6.7% to −5.3%) and −5.3% (−7.8% to −2.8%), respectively. Incidence rate declines were substantial in the economic recession following the 2008 global financial crisis. Conclusions The three independent population-based data sources used in this study documented an important reduction in the incidence of work-related morbidity attributed to non-traumatic MSDs. The results of this study are consistent with an interpretation that the burden of non-traumatic MSDs arising from work exposures is declining among working-age adults.
INTRODUCTION
Musculoskeletal disorders (MSDs) are the dominant cause of disability burden among occupationally active adults. 1 In the developed economies, nontraumatic MSDs incur direct and indirect economic costs of approximately $500 million per million workers. 2 While the aetiology of these disorders is complex, the role of physical and psychosocial work exposures in the initiation and progression of nontraumatic MSDs is well established. [3] [4] [5] [6] [7] [8] [9] On the strength of this aetiological evidence, some jurisdictions have introduced regulatory standards over the past two decades to control adverse biomechanical exposures at work. 10 11 Research evidence concerning the effectiveness of workplace practices to identify and control adverse biomechanical exposures is mixed, with a number of recent systematic reviews calling for more rigorous research designs to improve evidence of effective practices to control hazardous exposures. [12] [13] [14] Also poorly understood is the degree to which the introduction of new workplace equipment and technologies over the past decade has resulted in a net decrease or net increase in occupational exposures to adverse biomechanical demands. 15 16 Against this backdrop, there have been periodic surveillance reports over the past decade documenting a declining incidence of work-related nontraumatic MSDs. Although there are differences in definitions used in these surveillance reports, a typical case definition describes MSDs as "cases where the nature of injury or illness is sprains, strains, tears; back pain, hurt back; soreness, pain hurt except the back, carpal tunnel syndrome, or musculoskeletal system and connective tissue disorders, when the event or exposure leading to the injury or illness is bodily reaction/bending, climbing, crawling, reaching, twisting; overexertion; or repetition". 17 Surveillance reports have been based on administrative data sources maintained by work Open Access Scan to access more free content
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disability insurance schemes and labour protection authorities, 2 17-24 registries, 2 self-reported morbidity obtained from representative survey samples 25 26 and clinical occupational health surveillance. 25 27 These reports generally document declining incidence trends in work-related musculoskeletal morbidity across a range of country settings, including Australia, the USA, the Netherlands and the UK. To date, surveillance of the incidence of work-related MSDs has not been reported for the period of economic recession following the 2008 global financial crisis, when hours of work declined sharply in the developed economies. 28 The objective of this study was to describe trends in the incidence of work-related conditions in Ontario over the period 2004-2011 for a complete population of occupationally active adults aged 15-64. The study has a specific interest in comparing the trend in the incidence of work-related non-traumatic MSDs to the trend in incidence of other work-related conditions (traumatic injury and occupational illness). Three population-based data sources were used in this study: (1) administrative records of work-related conditions presenting for care in hospital emergency departments in Ontario (all residents are eligible for coverage for medically necessary healthcare under the single-payer, publicly-administered health insurance scheme), (2) administrative records of workers' compensation claims filed with the Ontario Workplace Safety and Insurance Board (the single payer of workers' compensation benefits in this jurisdiction) and (3) representative samples of Ontario workers participating in five consecutive waves of a national health interview survey.
METHODS
Two administrative data sources were used in this study: a census of all records for work-related conditions presenting for medical care in hospital emergency departments in Ontario and a census of all lost-time workers' compensation claims filed with the Ontario Workplace Safety and Insurance Board. These two administrative sources were supplemented with estimates of work-related conditions obtained from a representative sample of respondents to repeated waves of a national health interview survey. Estimates of participants in the Ontario labour force, derived from the Ontario Workplace Safety and Insurance Board estimates of the insured labour force or from labour force surveys, were used to compute the annual incidence rates.
Study design
A descriptive study of work-related conditions, obtained from three independent sources, for a complete population of approximately 6 000 000 occupationally active adults aged 15-64 in the Canadian province of Ontario.
Data sources Administrative records of emergency department visits
The National Ambulatory Care Reporting System (NACRS) was established by the Canadian Institute for Health Information in 1997, providing data on individual patient visits to facility-based ambulatory care services, primarily emergency departments in acute care hospitals. 29 In July 2000, the province of Ontario mandated the reporting of all emergency department visits to NACRS. For the purposes of this study, we obtained extracts for 1 047 458 NACRS records reported in the province of Ontario over the period 2004-2011 that were classified as indicating the clinical determination of a work-related cause of the injury or illness presenting for emergency department treatment. 30 In Ontario, healthcare costs for the treatment of work-related conditions are reimbursed by the Workplace Safety & Insurance Board (WSIB). Variables in extracted records included a series of up to 10 fields documenting the main problem and the external cause of injury, coded to ICD-10-CA. 31 
Administrative records of workers' compensation claims
In Ontario, a single publicly-administered insurance agency, the WSIB, administers wage replacement benefits and purchases healthcare services in circumstances of work-related disability. Administrative records maintained by the WSIB contain information describing registered employers and the course and outcome of individual compensation claims. Electronic records of compensation claims resulting in the payment of wage replacement benefits (referred to as lost-time claims in this study) contain information on the date and time of injury, the employer's economic sector and the gender, age and occupation of the injured worker. In these records, a national coding standard 32 is used to classify information describing the event that caused the work-related condition and the nature of the condition. Over the period 2004-2011, there were approximately 275 000 lost-time compensation claims.
Health interview surveys
The Canadian Community Health Survey (CCHS) is an ongoing series of cross-sectional health interview surveys administered approximately every 2 years by the national statistics agency. 33 Using a multistaged, stratified sampling frame, the CCHS target population consists of household residents aged 12 and older who are living in private dwellings in all provinces and territories. The survey design features and core content have remained largely unchanged during the series of surveys starting in 2001. For the purpose of the current analyses, respondents 15 years or older who had worked in the previous 12 months were included.
The study methods were reviewed and approved by the Research Ethics Board of the University of Toronto.
Measures

Work-related MSDs
We implemented a conceptually concordant case definition for work-related non-traumatic MSDs in each of the two administrative data sources. The case definitions required that the nature of the injury involved the musculoskeletal system and that the cause of injury excluded documentation of a traumatic cause. The implementation of the case definition in workers' compensation claims adopted standards established in Ontario to inform the development of a workplace MSDs prevention guideline. 34 35 The eligible 'nature of injury' codes and 'injury event' codes are provided in online supplementary appendix table 2. In the emergency department data, the case definition for records with an eligible ICD-10-CA diagnostic code in the Injury classification family (S00-T99) required the absence of an accompanying ICD-10-CA code for a traumatic 'external cause' of injury (see online supplementary appendix 1). 'External cause' of injury coding is not applicable for records with an ICD-10-CA diagnostic code in the Musculoskeletal System classification family (M00-99). Eligible diagnostic codes in the Musculoskeletal System classification are listed in online supplementary appendix 1.
Workers' compensation claim records and emergency department records that did not meet the case definition for workrelated MSDs were classified to a common category named 'other work-related conditions'.
Work-related repetitive strain injury (self-reported)
Respondents to the CCHS health interview survey were provided information that repetitive strain injury is "caused by overuse or by repeating the same movement frequently (for example, carpal tunnel syndrome, tennis elbow, or tendonitis)". 33 Respondents were asked whether they had any injuries due to repetitive strain which was serious enough to limit their normal activities in the past 12 months. Respondents who reported a repetitive strain injury were asked to identify the activity to which they attributed the cause of the injury, where response categories included "working at a job or business (excluding traveling to and from work)". We operationalised work-related repetitive strain injury as respondents who reported having a repetitive strain injury in the past 12 months which was respondent-attributed to exposures arising from working at a job or business.
Work-related traumatic injury (self-reported)
CCHS respondents were asked if they experienced an injury in the previous 12 months serious enough to limit their normal activities. 36 Respondents reporting an activity-limiting traumatic injury were asked if that injury occurred in the course of employment and whether they had received medical attention by a health professional for the treatment of the injury within 48 h of the occurrence of the injury. In this report, we have estimated the incidence of work-related traumatic injury that required medical attention. This definition is conceptually concordant with regulatory criteria concerning the reporting of work-related injury or illness to provincial workers' compensation agencies.
Labour force participants
We relied on two separate sources of information to obtain annual denominators of labour force participants. For workers' compensation claims, we estimated the insured labour force eligible for coverage by the Ontario WSIB. Approximately 30% of the Ontario labour force are in employment relationships that are excluded from coverage by the WSIB. 37 For emergency department visit records, we used information from the Labour Force Survey to estimate the numbers of employed workers.
Analysis
The frequency distribution of records was tabulated for data obtained from workers' compensation records and from emergency department records. In producing rates and their CIs from the CCHS, survey weights were applied to adjust for probability of selection and non-response and bootstrap weights were used to account for the complexity of the sampling design. Incidence rates were calculated by dividing morbidity counts by the number of insured or employed workers. To estimate the annual per cent change (APC), rates were rescaled by dividing each rate in the time series by the rate at year 1 and then multiplying that value by 100. The slope estimate and 95% CIs of the resulting linear regression model were used to estimate the APC.
RESULTS
Over the 8-year period 2004-2011, the number of employed persons in Ontario increased by 5.1% (table 1) and the estimated labour force insured by the WSIB increased by 1.9% (table 2). In the treatment of work-related conditions in Ontario emergency departments, the incidence of non-traumatic MSDs declined by 16.3% over the 8-year observation period. The APC was 3.4% (95% CI −4.9% to −1.9%; table 1). The incidence of other work-related conditions declined by 30.2% over the 8-year observation period (APC: −5.4%, 95% CI −6.6% to −4.2%). The per cent of all emergency department visits for work-related conditions that were due to non-traumatic MSDs increased from 20% to 23% over this period.
Among accepted lost-time claims in the provincial workers' compensation insurance scheme, the incidence of non-traumatic MSD conditions declined by 48.2% over the 8-year observation period (APC: −7.2%, 95% CI −8.5% to −5.8%; table 2). The incidence of other work-related conditions declined by 39.4% (APC: −6.0%, 95% CI −6.7% to −5.3%). The per cent of all lost-time compensation claims that were due to non-traumatic MSDs was stable over the period 2004-2009 and then decreased from 45% (2009) to 40% (2011).
From the national health interview surveys, the self-reported incidence of work-related repetitive strain injury declined by 41.7% over the 9-year period 2001-2010 (APC: −5.3%, 95% CI −7.2% to −3.5%; table 3). Over this same period, the incidence of work-related traumatic injury declined by 45.1% 
DISCUSSION
This study has used three independent population-based data sources to describe trends in the incidence of work-related MSDs over an 8-year period in the province of Ontario. These disorders are the leading cause of disability among workers in the developed economies. Over the 8-year observation period, we observed incidence rate declines of 16.3% in emergency department treatment records, 48.2% in lost-time compensation claims and 40.7% among respondents to national health interview surveys.
In the economic recession following the global financial crisis in 2008, the decline in the incidence of work-related injury and illness in the recession was much greater than the decline in the hours of work. 28 Between 2008 and 2009, the incidence of emergency department visits for the treatment of work-related disorders declined by 15.9% and the incidence of lost-time compensation claims declined by 15.6%. There are a number of plausible explanations for the observation that the incidence of work-related morbidity declines per hour worked in recessionary periods. During recessions, layoffs and reduced hiring lead to fewer inexperienced workers in employment, less productive (and typically less safe) equipment will be idled and generally the pace of work is slower, reducing the risk of work-related morbidity. 28 There is also the possibility that workers have greater motivation to defer or suppress the reporting of a work- related injury or illness due to concerns about employment security. Two competing explanations may be considered to account for the declines in the incidence of work-related MSDs observed in these three independent surveillance sources. First, it is plausible that adverse biomechanical work exposures have declined in the Ontario labour force. Unfortunately, this hypothesis cannot be tested directly: there is no source of comprehensive surveillance of exposure to adverse workplace biomechanical demands over this time period for workers in Canada. There is some evidence that regulatory standards can improve workplace efforts to identify and control these exposures. 10 However, three crosssectional surveys of workers in the European Union between 2000 and 2010 have not detected reductions in self-reported exposures to adverse biomechanical demands. 16 Alternate explanations focus on the possibility that the apparent reduction in the burden of work-related MSDs is an artefact of changes in the integrity or continuity of measurement. For example, it is possible that the actual incidence of work-related MSDs has not changed over the 8-year observation period. Instead, workers may have substituted other primary care options in the treatment of MSDs over time, resulting in a declining use of emergency department services. Alternatively, deterioration in the diagnostic recognition and clinical attribution of non-traumatic MSD conditions in emergency department settings would result in an apparent incidence decline. In the case of the workers' compensation claims for wage-replacement benefits, it is possible that changes in work accommodation practices have resulted in a decline in the reporting of work disability arising from non-traumatic MSDs. Finally, in the case of survey respondents participating in the repeated cross-sectional health interview surveys, it is possible that there have been changes over time in the perceptions of workers concerning the causal attribution of persistent MSD pain. While there are varying degrees of plausibility for these alternate explanations, it may be less plausible that each of the three surveillance sources experienced a parallel deterioration in measurement continuity.
This study has a number of strengths, including the observation of incidence trends for a complete labour force of six million workers in three independent surveillance data sources. The 8-year surveillance period includes periods of economic growth and contraction. We were able to implement a conceptually concordant case definition of work-related MSDs in each of the surveillance data sources. The use of three independent data sources can inform ongoing controversies concerning the reliability of workers' compensation administrative records where concerns have focused on the integrity of workplace reporting of work-related injury and illness and the omission of information on some classes of workers (self-employed and independent contractors) who are excluded from insurance coverage. [38] [39] [40] As noted earlier in this discussion, the study methods cannot exclude the possibility that the observed incidence declines are an artefact of changes in clinical care-seeking preferences, compensation claim reporting practices and workers' perceptions of the role of work exposures in the onset of MSDs.
Among the 10 most important public health contributions to the improvement in population health over the past 100 years are the achievements in reducing hazardous exposures arising from work. 41 Despite these contributions, work exposures continue to cause a large preventable burden of injury and illness in working-age adults, and MSDs continue to be the leading cause of disability among Canadian adults. The results of this study are consistent with an interpretation that the burden of nontraumatic MSDs attributed to biomechanical exposures at work is declining among working-age adults in Ontario.
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